Um novo método de extração em fase sólida foi desenvolvido para separar e pré-concentrar traços de tensoativos catiônicos, tais como, brometo de dodeciltrimetilamônio (DTAB), brometo de cetiltrimetilamônio (CTAB) e cloreto de cetilpiridínio (CPC). Esse método é baseado na sorção do tensoativo aniônico (AS − ), dodecilssulfato de sódio (SDS), sobre a superfície de γ-alumina, enquanto um cartucho C 18 é utilizado para a pré-concentração dos tensoativos catiônicos (CS + A new solid phase extraction method has been developed to the separation and preconcentration of trace amounts of cationic surfactants i.e. dodecyltrimethylammonium bromide (DTAB), cetyltrimethylammonium bromide (CTAB) and cetylpyridinium chloride (CPC). This method is based on the sorption of anionic surfactant (AS -) of sodium dodecyl sulfate (SDS) on the γ-alumina surface and C 18 cartridge is used for preconcentration of cationic surfactants (CS + ). Spectrophotometric determination method used for the determination of cationic surfactants is based on the competition between the cationic dye of methylene blue (MB + ) and CS + for association complex formation with SDS. The MB + in the ion associate complex can be quantitatively substituted by CS + leading to an increase in the absorbance measured at 662 nm. Optimum experimental conditions for separation, preconcentration and determination of cationic surfactants have been reported. Under the selected optimal conditions, preconcentration factor of two-fold was achieved and the results showed that determination of CPC, DTAB and CTAB could be performed in concentration ranges of 1×10 , respectively. Eleven determinations of 10.0 mg mL -1 of CPC, DTAB and CTAB solutions led to RSD's of 4.3, 3.7 and 4.0%, respectively. Method was validated using a set of different samples containing cationic surfactants.
, respectivamente. Por fim, a partir de onze determinações de 10,0 mg mL -1 das soluções de CPC, DTAB e CTAB obtiveram-se RSDs de 4,3, 3,7 e 4,0%, respectivamente. O método foi validado por meio de um conjunto de diferentes amostras que continham os tensoativos catiônicos.
A new solid phase extraction method has been developed to the separation and preconcentration of trace amounts of cationic surfactants i.e. dodecyltrimethylammonium bromide (DTAB), cetyltrimethylammonium bromide (CTAB) and cetylpyridinium chloride (CPC). This method is based on the sorption of anionic surfactant (AS -) of sodium dodecyl sulfate (SDS) on the γ-alumina surface and C 18 cartridge is used for preconcentration of cationic surfactants (CS + ). Spectrophotometric determination method used for the determination of cationic surfactants is based on the competition between the cationic dye of methylene blue (MB + ) and CS + for association complex formation with SDS. The MB + in the ion associate complex can be quantitatively substituted by CS + leading to an increase in the absorbance measured at 662 nm. Optimum experimental conditions for separation, preconcentration and determination of cationic surfactants have been reported. Under the selected optimal conditions, preconcentration factor of two-fold was achieved and the results showed that determination of CPC, DTAB and CTAB could be performed in concentration ranges of 1×10 
Introduction
Cationic surfactants are widely used as surface cleaning agents in the manufacture of commodity samples, i.e. detergents, soaps and shampoos, but they have also been reported as pollutants. 1 In most cases, the cationic surfactant (CS + ) is discharged directly into environmental water after the use of such commodities while its amount is at trace level. Also most of the cationic surfactants in environmental water are presumed to form an ion associate with anionic surfactants (AS -) because of their high ion-associate constants 2 were reported to be used for determining of cationic surfactants. Liquid-liquid extraction is the classical approach for surfactants extraction from water samples; however, because of its disadvantages, it has been widely replaced with solid-phase extraction (SPE).
14 Several works reported the use of solid-phase micro extraction and SPE with different sorbents such as alkylbonded silica, 15 graphitized carbon black (GCB) 16 and styrene-divinylbenzene resins. 17 Recent studies on the use of surfactant-coated mineral oxides columns for SPE have demonstrated that these new sorbent materials are promising tools for the extraction/preconcentration of organic compounds in a wide polarity range. [18] [19] [20] [21] Adsorption of ionic surfactants on mineral oxides is a cooperative process; firstly, a monolayer of surfactant (i.e. hemi-micelles) is formed with the surfactant head-group facing towards the oxide surface and its hydrocarbon tail-groups protrude into solution, interacting laterally between them. Then, surfactant adsorption occurs through hydrophobic interactions between hydrocarbon tail-groups, which results in the formation of discrete surface aggregates termed admicelles. Attractive electrostatic interactions between surfactant and analyte ionic groups bearing opposite charges, 22 and p-cation interactions between aromatic neutral organic compounds and adsorbed cationic surfactants have been previously demonstrated to be highly contributive to the quantitative retention of polar organic substances on supramolecular sorbents. 20 In this work, γ-Al 2 O 3 column was used as sorbent for separation of anionic from cationic surfactants. The anionic surfactant is effectively sorbed on the positively charged γ-alumina surface to form aggregates (hemi-micelles). The formation of hemi-and ad-micelles may depend on the concentration of SDS (Figure 1 ). γ-Al 2 O 3 completely sorbs the AS -over a wide pH range of 1.0-7.5.
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Then C 18 cartridge was used for preconcentration of cationic surfactants. C 18 cartridge is used for reversed phase extraction of nonpolar to moderately polar compounds, such as surfactants. The solution consisting of cationic surfactants passes through the C 18 membrane surface and then is eluted by methanol. Because of interference in spectrophotometric determination of cationic surfactants, methanol is eliminated after elution and before next steps. The eluted solution is heated in a water bath to have its methanol completely distilled. Because of heating, cationic surfactant concentration may achieve its critical micelle concentration (CMC), so it is necessary to add distilled water, with the same amount of removed methanol. Determination of CS + was accomplished through spectrophotometric method by applying methylene blue (MB) and based on the absorbance measured at 662 nm.
Experimental

Reagents
Triply distilled water was used throughout the work. All reagents were of analytical grades and were used without further purification. A stock solution of 2×10 -3 mol L -1 methylene blue was prepared by dissolving 7.12×10 -2 g of methylene blue dehydrate (Merck) and diluting to 100 mL with triply distilled water. A stock solution of 3×10 -3 mol L -1 SDS was prepared by dissolving 8.65×10 -2 g of sodium dodecyl sulfate (Merck) and diluting to 100 mL with triply distilled water. CTAB, CPC and DTAB solutions (1×10 −2 mol L -1 ) were prepared by dissolving 0.364 g of cetyltrimethylammonium bromide (Serva), 0.358 g of N-cetylpyridinium chloride (Merck) and 0.311 g of dodecyltrimethylammonium bromide (Sigma) in water, and diluting to 100 mL with water. The minimum number of dilution steps possible was used for preparation of more diluted solutions. Other reagents were γ-alumina (particle size > 0.2 mm, Merck), sodium dodecylbenzene sulfonate (Fluka), Triton X-100 (Fluka), Brij-35 (Fluka).
Apparatus
A Beckman UV 650-DU spectrophotometer with a 1.0 cm glass cell and a flame atomic absorption spectrophotometer (GBC 906AA) with a deuterium lamp background corrector were used. The pH measurements were made with a Metrohm pH meter (model 632) using a combined-glass electrode. C 18 cartridge (Varian, 500 mg, volume 3 mL) was used for separation and preconcentration of cationic surfactants. An Edward vacuum pump was used for filtration purposes.
Preparation of sorbent and recommended procedure
A glass column 1.0 cm in diameter and 10.0 cm in length was used for separation. This column was packed with 1.2 g of γ-alumina as sorbent. The column was washed using triply distilled water and then cotton was placed at the bottom and at the top of the column for allowing the adsorbent to settle properly. A volume of 25 mL of 1.2×10 -4 mol L -1 SDS and 1×10 -4 mol L -1 cationic surfactant solutions at pH 6.0 were passed through the surface of γ-alumina at a flow rate of 1.0 mL min -1 and then were passed through the C 18 surface at the same flow rate. The adsorbed cationic surfactant was eluted using 12 mL of methanol at an elution flow rate of 9.0 mL min -1 . The eluate was heated in a water bath to have its methanol completely evaporated (Attention: methanol vapor is harmful). Determination of CS + was accomplished through spectrophotometric method by applying methylene blue (MB). The anion of dodecyl sulfate reacts with dissociated methylene blue (MB + ) to form an ion associate complex. After elimination of methanol eluate was diluted with distilled water (the same amount of removed methanol), and then the concentration of cationic surfactant was determined using ion associate complex of DS − : MB + (6:1). The MB + in the ion associate can be quantitatively substituted by such cationic surfactants leading to an increase in the absorbance measured at 662 nm. This increased absorbance value is proportional to the concentration of cationic surfactants.
For shampoo samples, weighed amounts of shampoo were dissolved in 100 mL triply distilled water. All sample solutions were filtered with Whatman filter paper no. 42. An appropriate volume of the filtrate was further diluted with water so that the concentration of surfactant in the final solution was within the working range. 13 
Results and Discussion
Effect of pH
Acidity plays a significant role in preconcentration studies. A series of CPC sample solutions with different pH values from 1 to 10 were introduced into the packed column and after adsorption of CPC ions on the sorbent, a volume of 12 mL methanol as eluent was used for desorption of CP + from each column. Determination of CP + in each effluent was analyzed by spectrophotometric method using methylene blue. Figure 2 shows that CPC ion was completely adsorbed over the pH range of 5.0-7.0. A pH of 6.0, the middle point in the pH range, was selected as the optimum pH to avoid any abrupt changes in pH that may occur during adsorbing step and could consequently affect the precision. Based on the results obtained, it could be explained that at pH lower than 5, hydronium ion could compete with CP + to form SDS -:H + ion pair and prevent the formation of SDS -:CP + ion pair, but at pH above 7, CPC and/ or SDS could be washed out by the eluent. 24 Consequently the load of the column with the adsorbent will be decreased; this gives a lower percent recovery for CPC adsorption on C 18 as can be observed in Figure 2 . 
Choice of the eluent
A variety of solvents were tested in order to elute the adsorbed cationic surfactant from the column. Methanol, acetonitryl, acetone, ethyl acetate and ethanol were studied so that the most effective eluent for the quantitative recovery of cationic surfactant could be chosen. The adsorption studies were carried out maintaining a cationic surfactant concentration of 5×10 -5 mol L -1 CPC. The recovery of CPC was found to be quantitative with these eluting solvents. When 12 mL of methanol was used as eluent, percent recoveries of eluted CPC were about 101.0%, while at the same volume, recoveries for acetonitryl, acetone, ethyl acetate and ethanol were 73.5, 46.0, 0 and 71.0, respectively. Therefore, methanol as the most suitable eluent was used for further studies. Methanol is a toxic alcohol and toxicity is assumed to come from its conversion to form acid. Thus, one must be careful about its toxicity when it is used as eluent and distilled. If contaminated with methanol, fomepizole is a potent drug and long-acting competitive inhibitor of alcohol dehydrogenase (ADH) that prevents hepatic methanol metabolism to formic acid.
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Effect of sample volume, sample and eluent flow rates
The effect of sample volume on the recovery of the analyte was investigated in the range of 25-1500 mL maintaining an overall concentration of 5×10 -5 mol L −1 of cationic surfactant (e.g. CPC). The results are presented in Figure 4 . It can be seen that the recovery of CPC is quantitative up to 1200 mL sample volume. A preconcentration factor of 100 could be attained for quantitative recovery of CPC when the sample volume was 1200 mL. The percent sorption of CPC ion (25 mL of 5×10 -5 mol L -1 CPC at pH 6.0) on the sorbent surfaces (1.2 g of γ-alumina) and C 18 as a function of sample solution flow rate was studied. Results (Table 1) show that at flow rate of 1.0 mL min -1 , about 100% of CPC was adsorbed. Therefore, in order to achieve a good precision in further studies, we kept the flow rate at 1.0 mL min CPC at pH 6.0) on the C 18 surface were eluted at different flow rates of eluent (methanol). Percent recoveries of CPC surfactant as a function of eluent flow rate are shown in Table 1 . Results showed that recovery is stable with different flow rates of eluent; indicating that methanol is a suitable eluent for our work. An eluent flow rate of 9.0 mL min -1 as the optimum flow rate was chosen for further studies.
Effect of the amount of alumina and capacity of C 18
The amount of γ-alumina loaded was varied from 0.5 to 2.0 g and the preconcentration studies were carried as before. Quantitative recovery of CPC could be attained in the range 1.2-2.0 g of γ-alumina. Results show that in Experimental conditions: Source: 25 mL of 5×10 -5 mol L -1 CPC at pH 6.0; Sorbent: 1.2 g of γ-alumina and 500 mg of C 18 ; Eluent: 12 mL of methanol. Vol. 19, No. 8, 2008 this range of amount of the sorbent, recovery is quantitative (> 99%). For masses lower than 1.20 g there was a significant reduction in the recovery beyond a sample volume of 25 mL. Therefore, an amount of 1.2 g of γ-alumina was chosen as the optimum amount for further studies.
Different amounts of CPC were passed through 500 mg of C 18 . Recoveries of eluted solutions were studied. The results showed that the solution with 4.25×10 -3 mmol of CPC was completely sorbed on C 18 surface. To confirm this, was analyzed the solution passed through C 18 and no amount of CPC was found.
Absorption spectra
The absorption spectra of the CPC added to DS Based on these studies, the equilibrium mechanism of reaction to form colored compound for determination of cationic surfactant may be described as:
Optimization ratio of SDS/MB
Spectrophotometric determination method for the determination of cationic surfactants is based on the competition between the MB + and CS + for association complex formation with dodecyl sulfate anion. The cationic surfactants were quantitatively desorbed with methanol and added to a solution of SDS reacted with MB + and an ion associate complex was formed. The MB + in the ion associate complex can be quantitatively substituted by CS + leading to an increase in the absorbance measured at 662 nm. This increased absorbance value is proportional to the concentration of the cationic surfactants. The effect of concentration ratios of SDS/MB on the sensitivity of the method was investigated in the range of 1:1 to 10:1 ratios maintaining a concentration of 2×10 -5 mol L −1 of MB. The results showed that, maximum sensitivity and good linearity was achieved with a SDS:MB of 6:1. Therefore, for this concentration of MB, concentration of 1.2×10 -4 mol L -1 SDS was chosen as the optimum concentration for further studies.
Effect of foreign ions
The selectivity of the system under the optimum conditions was studied by determination of 5 × 10 -5 mol L -1
CPC from 25 mL of binary solutions each containing CPC in the presence of one ion typically co-existing with CPC in many matrixes. To confirm and to show that these ions are not adsorbed on the C 18 surface at the established conditions, the eluted solution (waste) was analyzed by flame atomic absorption spectrometer. Percent recoveries of CPC are shown in Table 2 . The results show that there is no serious interference for separation of CPC in binary mixtures.
Calibration graphs and sensitivity
A series of CPC, DTAB and CTAB solutions were prepared and the absorbance of each solution was measured at 662 nm in a 1 cm cell. The data were fitted by standard least-squares treatment, and the regression equations were: A = 8.8 × 10
3 C CPC + 0.0654 (r = 0.9960 for n = 7), A = 8.7 × 10 3 C DTAB + 0.0550 (r = 0.9971 for n = 7), and A = 8.2 × 10 3 C CTAB + 0.0519 (r = 0.9961 for n = 7), respectively, where A is the absorbance, and C is the concentration of 
Analysis of real samples
To evaluate the analytical applicability of the proposed method, known amounts of standard cationic surfactants were spiked into some water samples in the presence of excess of SDS and the samples were analyzed according to the proposed method. The results obtained, including recovery of cationic surfactants in water samples are summarized in Table 3 . Moreover, to show the analytical applicability of the method, the recommended procedure was applied also to the determination of CTAB and CPC SDS; a Tolerance ratio is the ratio of the interfering ions to cationic surfactant which causes a change of less than 5% in recovery of cationic surfactant. b Average ± standard deviation (n = 6), the t-and F-values refer to comparison of the proposed method with standard method. Theoretical values at 95 % confidence limit: t = 2.57, F = 5.05. The standard method c is described in reference. 13 Vol. 19, No. 8, 2008 in different shampoo samples and determination of CPC in a mouth wash sample. Results (Tables 4 and 5) were compared with those obtained by the standard methods. 13, 28 The standard method for analysis of shampoo samples is based on the extraction of the ion pair formed between CS and an anionic dye, Orange II, into chloroform. 13 The product is monitored spectrophotometricaly. Results demonstrated that the method can be employed satisfactorily for the determination of CTAB and CPC in shampoo samples. Statistical analysis of the results reveals that at 95% level of confidence, there is no significant difference between the accuracy and precision of the proposed and standard methods (Table 4) . Applying the proposed method for the determination of CPC in mouth wash sample gave good results. Results obtained are shown in Table 5 with average recovery of 98.6% and a relative standard deviation of 1.8% for six replicates. The reliability of the proposed method was statistically examined for the analysis of CPC in mouth wash sample in comparison with British Pharmacopeia method 28 as shown in Table 5 . Comparison between the experimental means for the two methods was carried out using the statistical analysis of the results at 95% level of confidence, there is no significant difference between the accuracy and precision of the methods.
Conclusions
The use of γ-alumina as sorbent and C 18 cartridge in this work has been demonstrated to be a suitable strategy for the separation/preconcentration of basic solid phase extraction of cationic surfactants. Attractive electrostatic interactions between the anionic surfactant head-groups (e.g., sodium dodecyl sulfate in this work) and the positively charged on the γ-alumina surface played an important role in the retention of cationic surfactants on the sorbent. The proposed method has the advantages of good selectivity and simplicity. 
